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体（Necrosome）诱导细胞凋亡或细胞坏死。分子层面上，DISC 和 Necrosome 之
间的相互转化决定了细胞在 TNF 刺激下是走向凋亡还是坏死。已有研究表明，
细胞凋亡的核心分子 caspase-8 可以通过剪切作用抑制坏死小体诱导的细胞坏死。
我们在 L929 细胞中研究发现，在 TNF 信号通路中，坏死小体的核心成分受体相
互作用蛋白 1（RIP1），RIP3 和混合系蛋白激酶样结构域蛋白（MLKL）分别在
上游和下游以不同的机制抑制细胞凋亡。RIP1 可以阻滞 TRADD-FADD-caspase-
8 复合体结合到 TNF 受体 1（TNFR1）上，从而抑制快速的细胞凋亡的发生。
90kDa 核糖体 S6 蛋白激酶 1（RSK1）是我们新鉴定的坏死小体的组分，它可以
通过磷酸化 caspase-8 的 T265 位氨基酸，抑制其活性，从而抑制细胞凋亡。TNF
诱导 RSK1 募集到坏死小体上需要同时依赖于 RIP3 和 MLKL。与 RIP3 和 MLKL
不同的是，RSK1 并不负责转导细胞坏死的信号，而是通过抑制 caspase-8 的活






关键词： 细胞凋亡；细胞坏死；坏死小体；受体相互作用蛋白 3；90kDa 核
















Apoptosis and necroptosis are morphologically distinct programed cell death 
processes and both paly essential roles in development, homeostasis and many 
physiological and pathological conditions. The apoptosis and necroptosis pathways are 
intrinsically interconnected, able to suppress each other and also switch into each other. 
While there has been significant progress in our understanding of suppression of 
necroptosis by apoptosis pathway in the past few years, to date little is known about the 
mechanisms used by the necroptosis pathway to block apoptosis. 
Tumor necrosis factor (TNF)-induced apoptosis and necroptosis are mediated by 
death-inducing signaling complex (DISC) and necrosome, respectively. The inter-
conversion of DISC and necrosome determines whether apoptosis switches into 
necroptosis or vice versa. It is known that caspase-8 has suppressive effect on 
necrosome-dependent necroptosis. Here we show that the key components of 
necrosome, receptor-interacting protein 1 (RIP1), RIP3 and mixed lineage kinase 
domain-like (MLKL) sequentially suppress apoptosis by distinct mechanisms in L929 
cells. RIP1 limits the recruitment of TRADD-FADD-Caspase8 complex to TNFR1 to 
suppress the quick induction of TRADD-dependent apoptosis. The 90 kDa ribosomal 
S6 kinase (RSK1) is a newly identified constituent of necrosome and it inhibits caspase-
8 activity by phosphorylating it on T265. TNF-induced recruitment of RSK1 to 
necrosome requires RIP3 and MLKL. Unlike RIP3 and MLKL, RSK1 does not mediate 
the signaling transduction of necroptosis, but functions to prevent RIP1 from cleaving 
by caspase-8 and ensure necroptosis signaling. These findings suggest that necrosome 
exhibits a dual role: it renders cells to undergo necroptosis and it inhibits caspase-8 
activation to ensure necroptosis induction. 
In this report, we uncover the molecular mechanism that how necroptotic pathway 
suppress apoptosis which provides theoretical basis for the development of therapeutic 
strategies aimed at cell death related diseases. 
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图 1.1 凋亡细胞（a）和坏死细胞（b）形态学上的差异[3] 









因 Ced3,发现它是一个含半胱氨酸的天冬氨酸蛋白水解酶（Cysteinyl protease 



























的首个成员是在 1989 年被鉴定的，它是一个能够剪切 IL-1β 前体的蛋白酶，随
后被克隆并命名为 caspase-1[7, 8]。Horvitz 等人在研究线虫细胞程序性死亡的过程




亡的研究，大量的 Ced-3 同源基因相继被发现，并被命名为 caspase。截至目前，
在人类细胞中总共发现了 11 个 caspase。根据这些 caspase 不同的结构和功能，
可将其分为两大类(如图 1.2)：（1）促凋亡的 caspases (Proapoptotic Caspases)，包





图 1.2 Caspases 结构特征及其分类[9] 
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